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CHAPTER 1-16
AQUATIC AND WET MARCHANTIOPHYTA,
PELLIALES

Figure 1. Pellia endiviifolia by stream. Photo by J. Claude, through Creative Commons.

Nomenclature for this subchapter is based primarily on
Söderström et al. (2016). In addition, Lars Söderström
provided me with correct names for species that I could not
link to the names on that list. TROPICOS also permitted
me to link names by tracking the basionym. I have ignored
varieties, forms, and subspecies unless I could verify a
current name for them. These unverifiable taxa have been
included in the species.

SUBCLASS PELLIIDAE
Pelliales: Pelliaceae
Pellia (Figure 1Figure 3-Figure 4, Figure 19-Figure
20, Figure 49-Figure 52, Figure 96-Figure 103)
Pellia sp. occurs at the base of the Flume wall and on
ledges of the Flume at Franconia Notch, New Hampshire,
USA (Figure 2) (Glime 1982), an environment that is
always humid. In West Virginia, USA, mountain streams,
members of this genus preferred pH 6.6 (Stephenson et al.
1995).

Figure 2. Flume, Franconia Notch, New Hampshire, USA, a
habitat where one can find Pellia on the ledges and the base of the
cliffs. Photo by Janice Glime.
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Pellia appalachiana (Figure 3-Figure 4)
Distribution
Pellia appalachiana (Figure 3-Figure 4) is endemic to
the southeastern USA (Alabama, Georgia, Kentucky, North
Carolina, South Carolina, Tennessee) (Southern
Appalachian Bryophytes 2019).

Figure 3. Pellia appalachiana female with involucres.
Photo by Paul G. Davison, with permission.
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germinate. Such habitats are available in rockhouses
(shallow cave-like opening at the base of a bluff or cliff;
Figure 8). Zartman and Pittilo (1998) found it in spray cliff
communities of the Chattooga Basin in the southern Blue
Ridge.

Figure 5. Pellia appalachiana on soil that is periodically
inundated at edge of stream. Photo by Paul G. Davison, with
permission.

Figure 6. Pellia appalachiana habitat at edge of stream.
Photo by Paul G. Davison, with permission.

Figure 4. Pellia appalachiana forming a large rosette,
suggesting it originated from a single spore. Arrows indicate
female with involucres. Photo by Paul G. Davison, with
permission.

Aquatic and Wet Habitats
The species of Pellia included here have similar
habitats. Pellia appalachiana (Figure 3-Figure 4) is
intolerant of desiccation, so its habitats are ones that are
constantly moist (Southern Appalachian Bryophytes 2019).
It thrives where the habitat has periodic disturbance,
especially stream banks (Figure 5-Figure 7) that experience
episodes of scouring or muddy-rocky shelves associated
with waterfalls. When it grows on vertical walls, mats may
slough off, providing a bare surface for spores to

Figure 7. Pellia appalachiana habitat on stream bank.
Photo by Paul G. Davison, with permission
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Figure 10. Pellia appalachiana with young antheridial
pustules. Photo by Paul Davison, with permission.

Figure 8. Pellia appalachiana rock house habitat, Alabama.
Photo by Paul G. Davison, with permission.

Adaptations
Pellia appalachiana (Figure 3-Figure 4) can grow
with other bryophytes that are not too aggressive, most
likely benefitting from greater moisture-holding ability.
The ribbon-like structure also helps to minimize the effects
of abrasion in their streamside habitat where inundation can
bring mud and sand or small stones (Southern Appalachian
Bryophytes 2019).
Figure 11. Pellia appalachiana with maturing antheridia.
Photo by Paul G. Davison, with permission.

Figure 12. Pellia appalachiana female showing involucres
(arrows). Photo by Paul G. Davison, with permission.
Figure 9.
Pellia appalachianus growing with Pellia
epiphylla, Pallavicinia lyellii, Nardia lescurii, and Sphagnum sp.
Photo by Paul Davison, with permission.

Reproduction
Pellia appalachiana (Figure 3-Figure 4) is dioicous
(Southern Appalachian Bryophytes 2019). Its antheridia
(Figure 10- Figure 11) are sunken in dorsal pustules that
are scattered along the midrib area. The archegonia (Figure
12-Figure 18) are at the base of a lobed involucre. The
reproductive organs are typically absent on the new spring
growth, but can often be located on older thalli hidden by
the new growth.

Figure 13. Pellia appalachiana female involucres (arrows).
Photo by Paul G. Davison, with permission.
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Figure 14. Pellia appalachiana female involucres (arrows).
Photo by Paul G. Davison, with permission.

Figure 17. Pellia appalachiana lobed female involucre.
Photo by Paul G. Davison, with permission.

Figure 15. Pellia appalachiana female involucre with tip of
archegonium protruding. Photo by Paul G. Davison, with
permission.
Figure 18. Comparison of the lobed involucre of Pellia
appalachiana with the unlobed involucre of Pellia epiphylla.
Photo modified from Paul G. Davison, with permission.

Pellia endiviifolia (Figure 19-Figure 20)
(syn. = Pellia calycina, Pellia endivifolia, Pellia
fabroniana var. lorea)
Distribution

Figure 16. Pellia appalachiana female involucre showing
lobes. Photo by Paul G. Davison, with permission.

Pellia endiviifolia (Figure 19-Figure 20) is widely
distributed in the Northern Hemisphere (Parzych et al.
2018). Dhien (1983) considers it to be circumboreal. It
occurs through a large portion of Europe from Denmark
and Belgium, southward to Italy, Spain, and Portugal, and
further to North Africa (Schuster 1992). In Asia it is
known from Japan, Siberia, Taiwan, China, and possibly
India. Schuster disallows reports from North America,
instead considering these to be Pellia epiphylla (Figure 49Figure 51), P. neesiana (Figure 96-Figure 103), and P.
megaspora (Figure 21).
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Germany, it can be found in the Platyhypnidium (Figure
23)-Fontinalis antipyretica (Figure 24) association
(Marstaller 1987). The streams are typically oligotrophic
(Tremp 2003), as in the Alsatian Rhine valley
(Vanderpoorten & Palm 1998; Vanderpoorten et al. 1999),
in Belgian streams (Vanderpoorten & Tignon 2000), and in
Iskur River and its main tributaries in Bulgaria (Papp et al.
2006).

Figure 19. Pellia endiviifolia. Photo from Snappy Goat,
through public domain.

Figure 22. Fissidens grandifrons wet at stream edge where
it might occur with Pellia endiviifolia. Photo by Scot Loring,
through Creative Commons.

Figure 20. Pellia endiviifolia with dark coloration that
suggests exposure to bright light. Photo by Des Callaghan, with
permission.

Figure 23. Platyhypnidium riparioides in water, inhabiting
the type of stream where one might find Pellia endiviifolia.
Photo by Hermann Schachner, through Creative Commons.

Figure 21. Pellia megaspora, one of the species Schuster
accepted as occurring in North America. Photo by Jean Faubert,
with permission.

Aquatic and Wet Habitats
Szoszkiewicz et al. (2006) listed Pellia endiviifolia
(Figure 19-Figure 20) among the river species. It is among
the most common bryophytes in the River Tweed, UK
(Holmes & Whitton 1975). It is scattered in the River
Swale, Yorkshire, UK (Holmes & Whitton 1977b). The
species occurs on travertine in the Cratoneuron association
of Lorraine River, Belgium (de Sloover & Goossens 1984)
and in the Fissidens grandifrons (Figure 22) community in
calcareous water (Gil & Ruiz 1985). In Thuringia,

Figure 24. Fontinalis antipyretica, a species that may
indicate habitat suitability for Pellia endiviifolia. Photo by Matt
Goff (www.sitkanature.org), with permission.
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Papp (1998) found Pellia endiviifolia (Figure 19Figure 20) to be common in streams (Figure 1) in Greece.
Likewise, Scarlett and O'Hare (2006) reported that it is
among the commonest species in English and Welsh rivers.
It has a wide ecological amplitude, at times being exposed
and other times inundated during periods of high flow
(Pentecost & Zhang 2006; Pentecost & Zhaohui 2006).
Pellia endiviifolia (Figure 19-Figure 20) is among the
most frequent species in Europe in association with rivers
and streams, typically occurring on travertines (Pentecost
& Zhang 2006). In Montenegro, it occurs at springs, rivers,
and streams in Tara River canyon and the Durmitor area
(Papp & Erzberger 2011). It occurs in poorly mineralized
and basic waters in the Tiber River basin of Italy, where it
does not seem to be influenced by phosphate
concentrations (Ceschin et al. 2012)
In Ireland Weekes et al. (2018) found Pellia
endiviifolia (Figure 19-Figure 20) in association with
Fontinalis antipyretica (Figure 24) or Hygroamblystegium
fluviatile (Figure 25), as described also by Bailly (2012). It
typically was submerged or in the splash zone of shady,
calcareous rivers, especially with overhanging trees or
bridges. Although it has a high presence in these areas, it
has low cover values. In Portugal, Vieira et al. (2005)
included it among the threatened bryophytes.
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either submerged or in the splash zone of streams and
rivers in Ireland, preferring calcareous conditions and
shade. But in contrast to many studies, these researchers
reported it from margins of fast-flowing mesotrophic
water. In some locations it grew on clay banks in the shade
of Petasites hybridus (Figure 27), the latter protecting it
from competition.

Figure 26. Pellia endiviifolia habitat out of water in India.
Photo by Michael Lüth, with permission.

Figure 25. Hygroamblystegium fluviatile, an associate of
Pellia endiviifolia. Photo by Michael Lüth, with permission.

Some populations of Pellia endiviifolia (Figure 19Figure 20) occur in river beds and brook beds, as reported
by Konstantinova et al. (2009) for Pellia endiviifolia from
the valley of the Bushujka River in the western Caucasus,
Russia. It even occurs in artificial waterways with flowing
water. Dhien (1983) reported it from canal water and on its
banks.
But many populations of Pellia endiviifolia (Figure
19-Figure 20) seem to meet their needs out of the water
(Figure 26), on stream banks and river banks. It occurs on
the river bank of the River Tees, UK (Holmes & Whitton
1977b) and is similarly associated with the River Wear,
England (Birch et al. 1988). In the Caucasus, it occurs on
the bank of a Zakan River tributary and on rocks on stream
banks, especially those rich in calcium and receiving splash
(Konstantinova et al. 2009). Some of these bank locations
are on soil on the banks of subalpine streams and the edges
of forest streams. Weekes et al. (2018) similarly found it

Figure 27. Petasites hybridus along river, a plant that often
occurs in dense patches that can provide shade for Pellia
endiviifolia. Photo through Creative Commons.

There seem to be few records of the association of
Pellia endiviifolia (Figure 19-Figure 20) with lakes. It
occurs in wet places around lakes in Scotland, especially in
the shade (West 1910). In the Caucasus, Russia, it can
occur on the banks of pools.
Watson (1919) reported Pellia endiviifolia (Figure 19Figure 20) from waterfalls (Figure 28). Hazrat et al. (2020)
found it in association with waterfalls in deep shade in
Pakistan. Konstantinova et al. (2009) found that on
streambanks in the Caucasus, it was especially associated
with areas near waterfalls.
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Figure 29. Pellia endiviifolia on bark in a moist habitat.
Photo by Martin Hutten, with permission.

Figure 28. Pellia endiviifolia near Swallow Falls, Wales,
where the habitat remains humid. Photo by Janice Glime.

In Ireland, Pilkington (2003) found it on wet rock faces
that are continually irrigated by water trickling down,
typically with large, mossy tufts.
Pakalne and Čakare (2001) documented the presence
of Pellia endiviifolia (Figure 19-Figure 20) on steep river
ravine slopes at the springs in the Gauja National Park,
Latvia. This was often a marginal zone between the spring
and mire vegetation. In the Netherlands it can be among
the dominant bryophytes of cold springs (Sýkora 2006).
Some populations of Pellia endiviifolia (Figure 19Figure 20) thrive in bogs and boggy habitats. In the
Caucasus, Russia, it occurs in boggy meadows and bogs of
subalpine meadows. Weekes et al. (2018) reported it from
vertical peat banks associated with fast-flowing water in
Ireland. Lewis (1976) described it as "creeping over the
wet, peaty surfaces" in the northern isles of Shetland,
where it can achieve high cover values.
Even moist cliffs can satisfy the needs of Pellia
endiviifolia (Figure 19-Figure 20). Konstantinova et al.
(2009) found it on moist cliffs in the western Caucasus,
Russia, often associated with streams. Milliken and Pendry
(2002) found it in cliff flushes where it occurs in
continuous water flow on the rock face, usually in small
patches.
Other occurrences take advantage of muddy soils, both
wet and dry, and even on tree trunks (Figure 29) in
Pakistan, but these don't seem to be preferred habitats
(Hazrat et al. 2020). On Mount Boranja, West Serbia,
Pellia endiviifolia (Figure 19-Figure 20) occurs on humid
soil (Pantović & Sabovljević 2013).
Lo Giudice and Cristaudo (2004) note that in the
mountains of Sicily Pellia endiviifolia (Figure 19-Figure
20) occurs on wet calcarenite rocks where it is mostly
shaded by herbaceous plants. Boucard et al. (2013) noted
that most of the low-shore bryophytes, including Pellia
endiviifolia, have been neglected in studies, whereas those
associated with active tuffs, also including Pellia
endiviifolia, have been included in phytosociological
surveys. It forms an association there with Cratoneuron
filicinum (Figure 30).

Figure 30.
Cratoneuron filicinum, a species that
accompanies Pellia endiviifolia in low-shore environments.
Photo by J. C. Schou, with permission.

Physiology
It has been difficult to understand how facultative
aquatic bryophytes, such as Pellia endiviifolia (Figure 19Figure 20), in calcareous waters are able to obtain
sufficient CO2 for photosynthesis and subsequent growth.
In these high pH waters, CO2 is readily converted to
bicarbonates and carbonates. This understanding has been
complicated by the assumption that all bryophytes are C3
plants (Smith & Griffiths 1996), requiring free CO2. For
whatever reason, the pyrenoids that help many algae to
concentrate CO2 did not continue in any bryophyte lines
except for the hornworts.
Pellia endiviifolia (Figure 19-Figure 20) lacks the
internal ventilation (Figure 31) present in some thallose
liverworts, such as Marchantia spp (Figure 32-Figure 33)
(Meyer et al. 2008). This imposes limitations on the
internal storage of free CO2 needed for photosynthesis.
Instead, species of Pellia are diffusion limited (Griffiths et
al. 2004). Pellia has a simple thallus with no pores and a
C3 pathway of photosynthesis (Meyer et al. 2008). It is
furthermore desiccation intolerant, thus requiring that CO2
must enter the plants through water when it is submersed or
in high humidity or splash. It in fact has "an extremely
narrow" range of optimal water content" during maximal
electron transport.
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Griffiths et al. (2004) suggested that understanding of
the genes and regulatory processes related to pyrenoids and
multiple plastids is necessary to understand the selective
pressures that have shaped the evolutionary changes in
bryophytes.
For example, in the hornwort genus
Megaceros (Figure 34), there is a gradual loss of the
pyrenoid associated with the development of the
multiplastidic condition. At the same time, it appears that
the thalli of liverworts went from the simple, non-porous
types like those of Pellia (Figure 19-Figure 20, Figure 31)
to the chambered type in Marchantia (Figure 32-Figure
33) with access to the atmosphere through pores. But this
advantage for CO2 acquisition creates a more rapid loss of
water from the thallus.

Figure 31. Pellia endiviifolia thallus showing lack of air
chambers.
Photo by Christian Fischer, through Creative
Commons.

Figure 34. Megaceros with capsules, a genus in which
pyrenoids diminished as multiplastidic species evolved. Photo by
David Tng <www.davidtng.com>, with permission.

Figure 32. Marchantia polymorpha with isopod. Photo by
Walter Obermayer, with permission.

Figure 33. Marchantia polymorpha thallus section through
pore, showing internal chamber. Photo by Jennifer Steele, with
permission through Botany Website.

Because bryophytes take in water directly through the
gametophyte tissues, in this case through the thallus, they
tend to reflect the concentrations of minerals in the water.
Satake et al. (1987) determined the elemental
concentrations of selected nutrients and heavy metals in
Pellia endiviifolia (Figure 19-Figure 20). The mean
concentrations of major essential elements in the liverwort
thalli were 49,600 µg g−1 K, 9,140 µg g−1 Na, 6,740 µg g1
Ca, 3,840 µg g−1 P, and 3,060 µg g−1 Mg. When the field
sites were polluted with the heavy metals Cu, Zn, and Pb,
these appeared in high concentrations in the thalli of Pellia
endiviifolia (maxima 0.88% Cu, 0.55% Zn, and 0.36% Pb
in the older thalli).
Parzych et al. (2018) again assessed the accumulative
possibilities of Pellia endiviifolia (Figure 19-Figure 20) for
N, P, K, Mg, Ca, Zn, Fe, Cu, Ni, Mn, Al, and Sr. The
nutrients normally considered to be macronutrients
accounted for 96% of this pool. Nitrogen constituted 40%
of this sum, phosphorus 4.9%, potassium 38%, magnesium
5%, calcium 12%, and trace elements 3.8% of this sum.
Among the trace elements, iron was dominant (56.3%),
manganese 24.8%, and aluminum 17%; other elements
comprised less than 1%. Pellia endiviifolia accumulated
high concentrations of iron and manganese, thus suggesting
its usefulness as a bioaccumulator and a purification agent.
Their research indicated that accumulation of Mg, Fe, and
Cu was influenced by the environmental conditions,
whereas N, P, K, Ca, Zn, Ni, Mn, Al, and Sr were
determined by the species itself. Staniszewski (2001) used
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Pellia endiviifolia as a bioindicator in the Kujawskie
Lakeland, Poland.
Adaptations
Pellia endiviifolia (Figure 19-Figure 20) can form pure
mats (Figure 1) (Konstantinova et al. 2009). These help to
conserve water and to reduce drag during times of flooding.
At other locations, it might exist with other liverworts,
especially Conocephalum (Figure 35) and Chiloscyphus
(Figure 36), or mosses (Figure 37), again having the
potential to conserve moisture.

Reproduction
Pellia endiviifolia (Figure 19-Figure 20) is dioicous
(Sierocka et al. 2014). Sierocka et al. identified a femalespecific gene expression in Pellia endiviifolia (Figure 38)
and determined its developmental regulation and
connection to the production of archegonia.
They
recognized three genes that are expressed only in females.
The archegonial tissue exhibited a 10-fold increase in
transcript level for all three of these genes compared to the
vegetative parts of the same female thalli. These genes
appear to be developmentally regulated. Male plants are
recognizable by their often red blisters scattered around the
middle of the thallus (Figure 38-Figure 45). Female plants
are recognizable by the collar-like involucre that surrounds
the archegonia (Figure 38, Figure 46). Sporophytes are
known (Figure 47).

Figure 35. Conocephalum salebrosum; Pellia endiviifolia
sometimes grows with a member of this genus. Photo by Richard
Draker, through Creative Commons.

Figure 38. Pellia endiviifolia males with reddish antheridial
cavities and females in center. Photo by David T. Holyoak.

Figure 36. Chiloscyphus polyanthos, a species that often
accompanies Pellia endiviifolia. Photo by Hermann Schachner,
through Creative Commons.

Figure 37. Pellia endiviifolia growing with mosses. Photo
by Jean Faubert, with permission.

Figure 39. Pellia endiviifolia males. Photo by Hermann
Schachner, through Creative Commons.
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Figure 40. Pellia endiviifolia with antheridia. Photo by
Hugues Tinguy, with permission.
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Figure 43. Pellia endiviifolia thallus cross section through
antheridium. Photo by Ralf Wagner <www.dr-ralf-wagner.de>,
with permission.

Figure 41. Pellia endiviifolia with antheridia. Photo by Ralf
Wagner <www.dr-ralf-wagner.de>, with permission.

Figure 44. Pellia endiviifolia cross section with antheridium
and escaping spermatocytes. Photo by Ralf Wagner <www.drralf-wagner.de>, with permission.

Figure 42. Pellia endiviifolia with antheridia. Photo by Ralf
Wagner <www.dr-ralf-wagner.de>, with permission.

Figure 45. Pellia endiviifolia antheridium cross section and
spermatocytes. Photo by Ralf Wagner <www.dr-ralf-wagner.de>,
with permission.
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Alaba et al. (2015) attempted to show microRNA
relationships between green algae and liverworts, using the
green alga Chlamydomonas reinhardtii (Figure 48) and
liverwort Pellia endiviifolia (Figure 19-Figure 20). Until
this study, no microRNA sequences were known from
liverworts, but gene expression had only been studied in
Marchantia polymorpha (Figure 32). They discovered an
impressive array of 311 conserved microRNAs known
from plant families in addition to 42 new liverwort‐specific
microRNAs. Nevertheless, degradome analysis revealed
that target mRNAs of only three microRNAs (miR160,
miR166, and miR408) have been conserved between
liverworts and other land plants. Three of the liverwort
microRNAs show high similarity to previously reported
microRNAs from Chlamydomonas reinhardtii.

Figure 46. Pellia endiviifolia females showing involucre.
Photo by David T. Holyoak, with permission.

Figure 48. Chlamydomonas reinhardtii, a green alga
species that shares three microRNAs with Pellia endiviifolia.
Photo by Yuuji Tsukii, with permission.
Figure 47. Pellia endiviifolia nearly mature capsules. Photo
from Snappy Goat, through public domain.

Pellia epiphylla (Figure 49-Figure 51)

Vojtkó (1993) described spore morphology in 29
liverwort species. The only elliptic spores in the study
were in Pellia endiviifolia (Figure 19-Figure 20). At the
same time, this was also the largest spore (80x65 µm). The
spore also had "surprisingly" thin walls compared to the
other spores studied.

Distribution
Pellia epiphylla (Figure 49-Figure 51) is known from
North America, Europe, North Africa, and nearby areas of
Asia (Boll 2020).

(syn. = Pellia fabbroniana)

Biochemistry
Ono et al. (1992) confirmed the presence of the
pungent diterpene dialdehyde, sacculatal in Pellia
endiviifolia (Figure 19-Figure 20). Later, Mehmeti (2009),
using GCMS-GC, likewise found sacculatal and several
derivatives to be the predominant components of the
volatiles in this pungent liverwort in Tokushima, Japan.
Asakawa (2004) suggested a lack of oil bodies in Pellia
might explain the paucity of volatiles in the species tested.
However other authors have noted the presence of oil
bodies (Pihakaski 1972; Pihakaski & Pihakaski 1979,
1980), although at least in Pellia neesiana they are tiny
(Figure 136) (Schuster 1992.
Hashimoto et al. (1995) found that the pungent l,βhydroxysacculatal and sacculatal in Pellia endiviifolia
(Figure 19-Figure 20) exhibit piscicidal activity by killing
killie-fish in 20 min at 1 ppm.

Figure 49. Pellia epiphylla mat with a few mosses mixed in.
Photo by Kristian Peters, with permission.
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Figure 50. Pellia epiphylla forming tight layers that can help
to conserve water. Photo by Michael Lüth, with permission.

Figure 51. Pellia epiphylla on soil at Cwm Idwal National
Nature Reserve 357 in Wales. Photo by Janice Glime.

Aquatic and Wet Habitats
Boll (2020) described Pellia epiphylla (Figure 49Figure 51) as a liverwort that "loves very humid places,"
growing close to rivers and other watercourses (Figure 52).
Watson (1919) described it from margins of fast streams,
on banks with frequent submergence and slow water,
submerged in slow water with poor mineral salts,
waterfalls, wet rocks and soil near fast streams, and
margins of fast streams on wet rocks or soil. Coroi et al.
(2004) considered Pellia epiphylla to be a wetland
indicator in streamside forests. Ferreira et al. (2008)
attributed it to rivers. Marczonek (1984) investigated the
ecology of Pellia epiphylla populations. In Wales, I found
it growing on the sides of flushes, shaded by overhanging
grasses (Figure 53).
In the British Isles, Pellia epiphylla (Figure 49-Figure
51) is among the most common bryophytes in the River
Tweed (Holmes & Whitton 1975). It occurs on the river
bank of the River Tees (Holmes & Whitton 1977a) and the
upper to midstream of the River Swale (Holmes & Whitton
1977b). In the River Tyne, it occurs throughout (Holmes &
Whitton 1981). Scarlett & O'Hare (2006) considered it to
be among the commonest species in English and Welsh
rivers.
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Figure 52. Pellia epiphylla that is at least partially
submersed. Photo by Ken McFarland and Paul Davison, with
permission.

Figure 53. Pellia epiphylla habitat under grass bank of flush
at Cwm Idwal National Nature Reserve 39, Wales. Photo by
Janice Glime.

Elsewhere in Europe, in the Sudeten Mountains of
Poland and the Czech Republic, Pellia epiphylla (Figure
49-Figure 51) occurs in streams (Samecka-Cymerman &
Kempers 1998), especially in waters affected by
mineralization zones (Samecka-Cymerman & Kempers
1993). In Germany, it occurs in slow-flowing water in
Westfalens, northwestern Germany (Koppe 1945), in the
upper and middle reaches in the Harz Mountains (Bley
1987), and submersed or above water in the
Platyhypnidium (Figure 23)-Fontinalis antipyretica
(Figure 24) association, Thuringia, Germany (Marstaller
1987).
It often occurs just above Platyhypnidium
riparioides (Figure 23) (Gimingham & Birse 1957). In
northwest Portugal, it occurs in mountain streams (Vieira et
al. 2005). It likewise occupies streams in the northeastern
part of Finland (Heino & Virtanen 2006). On Madeira
Island, it occurs at low altitudes, in a narrow stream, and
where there is low flow in mountainous streams (Luís et al.
2015).
Most North American findings of Pellia epiphylla
(Figure 49-Figure 51) have been above the water on stream
banks rather than submersed, although the plants can be
submersed for a short time in spring or other times when
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the streams and rivers experience flooding. Steinman and
Boston (1993) report only a small amount present at most
of their research sites in Walker Branch, Tennessee.
Sørensen (1948) reported Pellia epiphylla (Figure 49Figure 51) at a water pH of 7.7 in streaming water in
Denmark. However, in West Virginia mountain streams its
preferred pH was 4.17 (Stephenson et al. 1995).
Pellia epiphylla (Figure 49-Figure 51) can also occupy
irrigation ditches (Beaucourt et al. 1987).
But Pellia epiphylla (Figure 49-Figure 51) seems to
occur most commonly on stream banks, especially in North
America.
In the Western Carpathians near Lacko,
Mamczarz (1970) attributed it to rocks and water
communities associated with streams.
In the Komi
Republic of Russia it occurs on soil on river banks.
Leclercq (1977) reported it from earthy and gravelly
substrates of river banks in Haute Ardenne rivers, Belgium.
Greenwood (1911) commented that Pellia epiphylla
(Figure 49-Figure 51) is common in some locations,
growing on the ground in damp shaded places and
preferring stream banks where it can be submerged or just
above the water line, often extending a meter or more from
the water's edge.
In North America, Pellia epiphylla (Figure 49-Figure
51) might be restricted to stream and river banks. In my
own meanderings, I have never seen it submersed, but it is
common on the banks immediately adjacent to streams.
These locations can, of course, be submerged during high
flows, but typically not for more than a few days.
In Connecticut, USA, Nichols (1916) reported Pellia
epiphylla (Figure 49-Figure 51) from moist rock surfaces
or springy banks of ravines, wet, sandy streambanks, and
along calcareous rivers. Greenwood (1923) found it on
moist, shaded banks, accompanied by Conocephalum
conicum (Figure 54) and Bazzania trilobata (Figure 55) in
Center County, Pennsylvania, USA.

Figure 55.
Bazzania trilobata, a species that often
accompanies Pellia epiphylla on stream banks. Photo by Bernd
Haynold, through Creative Commons.

Similarly, it appears to be much less common in
association with lakes than with streams and rivers.
Toivonen and Huttunen (1995) reported Pellia epiphylla
(Figure 49-Figure 51) from small lakes in southern Finland.
It occurs in wet places around lakes, especially in shade, in
Scotland (West 1910). Mallik and Wein (1986) reported
that it could be found on the flooded side of a Typha marsh
(Figure 56), but not on the drained side.

Figure 56. Flooded side of cattail (Typha) marsh, a potential
site for Pellia epiphylla. Photo by David Hoffman, through
Creative Commons.

Figure 54. Conocephalum conicum at a stream edge where
it is often accompanied by Pellia epiphylla. Photo by David
Holyoak, with permission.

There seem to be few records of Pellia epiphylla
(Figure 49-Figure 51) specifically from springs. Sørensen
(1948) recorded it at pH 7.1 in springs in Denmark.

Some collectors have reported Pellia epiphylla (Figure
49-Figure 51) from wet cliffs and bluffs. Vitt (1967)
reported finding it on the upper portions of sandstone bluffs
in southeastern Missouri, USA, typically in wet, shaded
areas (Figure 57).
Proctor et al. (1992) used Pellia epiphylla (Figure 49Figure 51) from moist, shady clay banks near a stream
gully to measure δ13C values from a wet heath in East
Devon. Watson (1915) indicated zonation patterns of
plants in a Somerset, UK, heath, noting that Pellia
epiphylla occurred just above the water line of the channels
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(Figure 58) in locations where it would remain constantly
moist. Otherwise, I have found no reports of this species
from peaty habitats.

Figure 57. Sandstone bluff in Missouri, USA, where Pellia
epiphylla can be found in moist places. Photo by V. Smith,
through Creative Commons.
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(Figure 49-Figure 51) is more desiccation tolerant than
Pellia endiviifolia (Figure 19-Figure 20). Pellia epiphylla
exhibited a wider operating range of the mean total water
content (88-142%) than did P. endiviifolia. Meyer et al.
concluded that it was this wider operating range that
permitted Pellia epiphylla to maintain net gain in
photosynthesis in drier habitats.

Figure 59. Pellia epiphylla longitudinal section, showing
bands in some midrib cells (arrows) and rhizoids. Photo by Ken
McFarland and Paul Davison, with permission.

Figure 58. Pellia epiphylla zonation in a heathland water
channel. Drawing modified from Watson 1915.

Clapham (1940) commented on the occurrence of the
acidophilic Pellia epiphylla (Figure 49-Figure 51) in
calcareous fens in the Oxford District of the UK. Clapham
contended that the liverwort was able to grow there because
of mats of fen mosses and the bases of woody plants that
provided suitable substrata.
Physiology
Proctor et al. (1992) compared δ13C in nine
Sphagnum species and several liverworts. That of Pellia
epiphylla (Figure 49-Figure 51) was typical for that of the
two Marchantialian liverworts.
One of the problems that aquatic bryophytes in
particular must solve is obtaining CO2 for photosynthesis.
Evolutionarily, they have had the selective choice to
concentrate it with such structures as pyrenoids, or to
ventilate so that CO2 can easily enter the plant and reach
the photosynthetic tissue (Meyer et al. 2008).
Tracheophytes have generally followed the latter
evolutionary pathway. But Pellia lacks both pyrenoids and
internal air chambers accessible through pores (Figure 31,
Figure 59-Figure 60). In fact, Pellia has a simple thallus
lacking pores and is diffusion limited. Pellia epiphylla

Figure 60. Pellia epiphylla cross section drawing. Photo
from <Crondon.com>, with online permission for educational use.

Dilks and Proctor (1979) showed that species such as
Pellia epiphylla (Figure 49-Figure 51) from moist habitats
have increasing photosynthesis as water content increases
in the range of 500 to 1000% of dry weight. Furthermore,
its photosynthesis is affected at much lower water deficits
than is respiration as the plant dries.
Proctor (1982) determined that the photosynthetic rate
in the attached sporophyte of Pellia epiphylla (Figure 49Figure 51) is very low when compared with that of its
gametophyte. Using labelled CO2, he found that the
photosynthetic uptake of CO2 by the sporophyte is only a
few percent of the labelled C translocated from the
gametophyte. It appears that this translocation from
gametophyte to sporophyte is most active when the
sporophyte has reached its full size but is still green,
subsequently declining as the capsule matures through its
final stages.
Samecka-Cymerman et al. (1997) investigated the
ability of Pellia epiphylla (Figure 49-Figure 51) to serve as
bioindicators of heavy metals in soil. They reported that in
liverworts such as P. epiphylla the ionic balance is
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disturbed by elevated concentrations of microelements,
especially iron, copper, cobalt, and lead. Marczonek
(1984) found a close correlation between the average
thallus surface of Pellia epiphylla and the calcium to
magnesium ratio in the soil, establishing the existence of
relations between these liverworts and their substratum.
For example, there is a significant relationship between
lead and barium in the soil and that found in the liverwort
(Samecka-Cymerman et al. 1997). But the relationships
are not always simple. In Pellia epiphylla, there is a
negative correlation between manganese content of the soil
and nitrogen, phosphorus, and potassium content in the
liverworts. This relationship had already been established
for tracheophytes and probably relates to competition for
cation exchange sites on the liverwort surface. They
suggested that the same competition probably applies to
potassium. Mg++ can occupy two exchange sites, giving it
a tighter hold, than can K+ that can occupy only one
exchange site. On the other hand, Pellia epiphylla is a
good biomonitor for nickel, chromium, copper, and barium.
Water in Pellia epiphylla (Figure 49-Figure 51) travels
in capillary films between the rhizoids (Figure 59) and the
lower surface, where it is partly absorbed (Clee 1939).
What remains travels over the surface and is retained
around the antheridia by the incurved and wavy thallus
margins.
Those bryophytes, including most populations of
Pellia epiphylla (Figure 49-Figure 51), that live out of the
water must experience the freeze-thaw regimen of winter
and early spring. Rütten and Santarius (1992) found that
this species exhibits a distinct increase in cold tolerance
from summer to winter. Nevertheless, compared to that of
the mosses in the study, the hardening capacity of the
liverwort was relatively low. All but one of the mosses
experienced an increase in sucrose concentration in the
cells, but no significant changes in glucose or fructose
contents.
Pihakaski and Pihakaski (1979) examined the effects
of chilling on the ultrastructure and net photosynthesis of
Pellia epiphylla (Figure 49-Figure 51). Naturally frozen
plants were thawed, revealing thallus margins that were
brownish; cells were plasmolyzed. Chilling for 20 hours at
-22ºC resulted in death of the thallus cells and disruption of
the organelles. On the other hand, the apical growth region
and the nerve with its surrounding cells were normal and
green. Using various lengths of time at -22ºC, they
determined that vacuoles of the dead cells were empty.
Electron-dense particles appeared on the tonoplast and, in
some cells, inside the vacuole; the nucleus also exhibited a
granular appearance. Healthy cells that had been kept at
3ºC exhibited no granularity.
At -22ºC lipid-like
substances were apparent, but not at 3ºC. The oil bodies
had either become more dense or were in various stages of
disruption. Some appeared to have lost their contents.
Using Pellia epiphylla (Figure 49-Figure 51) that had
been frost-hardened at 3ºC, Pihakaski and Pihakaski (1979)
determined that both respiration and photosynthesis can
continue below freezing (Figure 61). At -10ºC respiratory
loss of CO2 is greater than that gained by photosynthesis,
but photosynthetic gain is greater in the range of -10 to
-2ºC. As the plants thaw up to 5ºC, they reach a respiratory
peak. At temperatures above 5ºC, photosynthesis increases
slowly, then rapidly, then tapers off or decreases,

approximating a sigmoid pattern as the temperature
increases. Maximal photosynthesis in all plants occurs at
15-20ºC.

Figure 61. Net photosynthetic responses to temperature at
9000 lux for Pellia epiphylla. Modified from Pihakaski and
Pihakaski 1979.

Pihakaski and Pihakaski (1979) also noticed that the
starch grains in the chloroplasts and the results of
photosynthetic experiments indicate that chloroplasts of
Pellia epiphylla (Figure 49-Figure 51) are able to
photosynthesize at very low temperatures. Nevertheless,
after 20 hours at -22ºC the starch-degrading is unable to
perform and the plastids continue to contain large starch
grains. In summary, cold-hardened Pellia epiphylla can
recover very rapidly after a chilling period at -15ºC and
even after long-term storage at -22ºC. Rapid chilling,
however, is detrimental to CO2 uptake. The researchers
suggested that oil bodies may help in the survival of
liverworts at low temperatures.
Dilks and Proctor (1975) noticed that leafy liverworts
that withstood rapid cooling to -5ºC for 6 h are protected
from intracellular freezing at normal rates of cooling by the
withdrawal of water to form extracellular ice. On the other
hand, they found that Pellia epiphylla (Figure 49-Figure
51) was killed by rapid cooling to -5ºC.
Adaptations
In the right circumstances. Pellia epiphylla (Figure 49Figure 51) can achieve great masses and may cover a meter
or more of soil (Greenwood 1911). One would expect such
large clumps to provide more protection against desiccation
than small patches.
The thalli of Pellia epiphylla (Figure 49-Figure 51) are
typically completely green, but when they grow too far
from water they can have a purplish or reddish tinge
(Figure 62) along the middle (Greenwood 1911; Boll
2020). Their growth form changes from horizontal with
close attachment to the substrate when the substrate is
horizontal, but on vertical substrata they take on a more
ruffled (Figure 63) habit (Boll 2020).
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Reproduction
Pellia epiphylla (Figure 49-Figure 51), is monoicous
(Zielinski 1984). It was one of the first liverworts to have
its development described. Hutchinson (1915) described
development not only of growth, but also antheridia (Figure
64) and archegonia. As in most liverworts, fertilization
requires that the plants be wet (Boll 2020).

Figure 62. Pellia epiphylla with red coloration typical of
populations growing too far from water. The mat habit and
associated mosses can help it to retain water in these conditions.
Photo by Michael Lüth, with permission.

Figure 64. Pellia epiphylla with antheridia. Photo by Des
Callaghan, with permission.

Figure 63. Pellia epiphylla forming overlapping layers.
Photo by Andrew Spink, with permission.

The ends of Pellia epiphylla (Figure 49-Figure 51),
plants can overlap like shingles (Figure 63, Figure 66),
providing at least some reduction in moisture loss. The
gametophyte absorbs water primarily through its under
surface (Figure 60, Figure 63) and the lower midrib is
important in the retention of water (Boll 2020). Dry plants
are thinner and have a more solid texture than that of plants
from very moist locations (Greenwood 1911). The species
furthermore produces more luxuriant growth near the
water, which Greenwood attributes to having less compact
cell structure in moist conditions.
It appears that Pellia epiphylla (Figure 49-Figure 51),
lacks mechanisms to protect it from UV-B radiation.
Takaćs et al. (1999) report that the protective mechanism is
"rapidly exhausted" in this species, making it intolerant of
increased UV-B.
Pellia epiphylla (Figure 49-Figure 51) does respond to
light in another way. It exhibits positive phototropism of
the sporophyte (Thomas et al. 1987). The entire length of
the seta responded to 6 w m-2. Curvature toward the light
occurred within 10-15 minutes of continuous illumination.
The growth rate of the shaded side of the seta increased
significantly (from 0.50 to 0.96 mm hr-1) and decreased on
the lighted side (to 0.26 mm hr-1).

Antheridia, archegonia, and sporangia are largely
supplied with water from the exterior (Clee 1939).
Capillary spaces retain the water in the narrow crevices
between the antheridial cavity and antheridium, between
the flaps of the involucre (Figure 66), and between these
and the long necks of the archegonia. Antheridia absorb
water until they burst, thus releasing the sperm cells that
must swim to the archegonia for fertilization (Boll 2020).
The antheridia absorb their water from the upper surface,
probably ensuring that there is enough water to complete
the fertilization process.
The water travels down the neck of the archegonium to
the egg, thus facilitating entry of the sperm, and is there,
available, for the developing embryo (Clee 1939). Films of
water are retained between the sporophyte foot of the
dividing embryo and the severed archegonium that now
forms the calyptra. The sporophyte obtains water that is
absorbed by the foot primarily from external sources. This
water travels up the seta and eventually reaches the spores.
Clee suggested that, therefore, the sporophyte is not very
dependent on the gametophyte for its supplies of water or
nutrients.
Walton (1943) described the sperm reaching the
archegonium in greater detail. Noting that the archegonia
are at the plant apex and that antheridia are 10-15 mm away
on the dorsal surface, he questioned the feasibility of
swimming between them. Showalter (1926) had found that
it takes several hours for the sperm of a close relative,
Aneura (Figure 65), to swim 10 mm. In fact, in many
mosses and liverworts, it is the spermatocytes that are freed
from the antheridia, and these are carried rapidly by water
surface tension over the free water surface of the plants at
~20 mm per minute! When experimenting with Pellia
epiphylla (Figure 49-Figure 51), Walton found that the
spermatocytes broke loose from ripe antheridia, extruding
in grey masses into the water. These masses quickly broke
apart at the surface and dispersed rapidly across the wet
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surface. It did not take hours, but only 15 seconds for the
spermatocytes to reach the archegonial involucre (Figure
66). The free-swimming sperm required only 15 minutes
to emerge from the spermatocytes and arrive at the
archegonium.

Figure 67. Pellia epiphylla young capsules emerging from
perianths. Photo from Biopix, through Creative Commons.

Figure 65. Aneura pinguis, in a genus in which sperm
require several hours to swim 10 mm. Photo by Hugues Tinguy,
with permission.

Figure 68. Pellia epiphylla young capsule emerging. Photo
from Biopix, through Creative Commons.

Figure 66. Pellia epiphylla with involucres (arrow) and
overlapping lobes. Photo by Rob Cutis, through Creative
Commons.

Various stages of capsule development of Pellia
epiphylla (Figure 49-Figure 51) are shown in Figure 67 to
Figure 82. Greenwood (1911) reported that plants of this
species in moist conditions are more likely to be sterile
than those in drier situations, with abundant capsules
appearing in drier conditions (Figure 75-Figure 76).
Interestingly, in April the maturity of capsules increases as
plants occur nearer the water. New shoots were appearing
at this time on the edges of the old plants (Figure 70-Figure
71), and antheridial beginnings were already visible as
dots. Figure 84 shows a cross section of the capsule wall
with spores inside.

Figure 69. Pellia epiphylla perianth inside involucre with
seta extended. Photo by Ralf Wagner <www.dr-ralf-wagner.de>,
with permission.
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Figure 70. Pellia epiphylla from Illinois, USA, with
senescing older parts and new green branches from the tips.
Photo by Li Zhang, with permission.

Figure 73. Pellia epiphylla with elongating setae emerging
from involucres at base.
Photo by Malcolm Storey,
<DiscoverLife.com>, with online permission.

Figure 71. Pellia epiphylla with emerging sporophyte. Note
the old thalli that are brown and the new growth from the tips.
Photo by Li Zhang, with permission.
Figure 74. Pellia epiphylla capsules nearing maturity. Photo
by Allen Norcross, with permission.

Figure 72. Pellia epiphylla with nearly mature capsules.
Photo by Michael Lüth, with permission.

Figure 75. Pellia epiphylla with abundant sporophytes in
drier conditions. Photo by Michael Lüth, with permission.
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Figure 76. Pellia epiphylla with numerous nearly mature
capsules on elongated setae. Photo by Michael Lüth, with
permission.

Despite the ease of having sperm reach the archegonia
in this monoicous species, Zielinski (1984) found
electrophoretic evidence of Pellia epiphylla (Figure 49Figure 51) achieving cross-fertilization. In fact, PrusGlowacki and Zielinski (1987) reported 93% cross
fertilization, citing it as support of the hypothesis that this
species might be self-incompatible. But it is also possible
that a timing difference in maturity of antheridia and
archegonia on the same plant might reduce selffertilization. This needs further exploration.

Figure 77. Pellia epiphylla with both elongating setae and
nearly dehiscing capsules. Photo by Jan-Peter Frahm, with
permission.

Figure 78. Pellia epiphylla dehisced sporophytes. Photo by
Kristian Peters, with permission.

Slade (1965) found that temperature and soil water
tension affected both the rate of seta elongation and its final
length in Pellia epiphylla (Figure 85).
Daytime
temperature is apparently more important than nighttime
temperature. Day length has no effect, but low light
intensity stimulates greater elongation, a seta version of
etiolation.

Figure 79. Pellia epiphylla capsules with deliquescing setae
after spores are shed. Photo by Jutta Kapfer, with permission.
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Figure 80.
Pellia epiphylla with numerous dehisced
capsules. Photo by Allen Norcross, with permission.

Figure 83. Pellia epiphylla with dehisced capsule and mass
of elaters. Photo by Malcolm Storey, <www.discoverlife.org>,
with online permission.

Figure 81. Pellia epiphylla dehisced capsule.
Allen Norcross, with permission.

Photo by

Figure 82. Pellia epiphylla capsule dehisced. Photo by Ralf
Wagner, <www.dr-ralf-wagner.de>, with permission.

Figure 84. Pellia epiphylla capsule cross section showing
capsule wall and spores. Photo from <Crondon.com>, with online
permission for educational use.
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Figure 85. Pellia epiphylla with emerging sporophytes.
Photo by Michael Lüth, with permission.

Slade's observations are consistent with those of
Asprey et al. (1958) for Pellia epiphylla (Figure 49-Figure
51). They reported that the sporangium, foot, and seta
reach full differentiation by the end of September in Great
Britain. However, in natural conditions, the seta does not
elongate until the following year, usually starting in late
February.
Spores mature first, as indicated by the
darkening of the capsule wall. The seta can elongate from
1 mm to as much as 80 mm in 3-4 days.
When capsules were treated with gibberellin (as 100
ppm potassium gibberellate) and maintained in culture at
18°C and natural daylight and day length in January, full
seta elongation occurred in Pellia epiphylla (Figure 49Figure 51) and reached an average length of 57 mm after 5
days (Asprey et al. 1958). The control capsules exhibited
no elongation. When a solution of 1.0 ppm IAA was added
to the gibberellic acid treatment, setae experienced full
elongation. The researchers suggested that dormant setae
of intact sporophytes may react to either potassium
gibberellate or IAA to stimulate elongation of the seta. In
isolated sporophytes, the potassium gibberellate produces
only slight elongation (7-10 mm), whereas if that treatment
is followed by IAA, full elongation (~63 mm) occurs. If
only IAA is applied, elongation is attenuated at ~37 mm.
Thomas et al. (1983) demonstrated the presence of
~2.5-2.9 µg per gram fresh weight of putative free IAA in
Pellia epiphylla (Figure 49-Figure 51) sporophytes. They
also found that ethylene released by the setae increases
during growth from 0.027 to 0.035 nanoliters per seta per
hour (Figure 86). Applied ether (5 µL per liter) inhibits
IAA-stimulated elongation of the seta. Thomas and
coworkers postulated that IAA and ethylene act in tandem
to modulate the elongation of the seta in this species. The
further role of lunularic acid, a liverwort hormone similar
to ABA, needs exploration.
Ellis and Thomas (1985) found that the shaded sides of
sporophytes of Pellia epiphylla (Figure 49-Figure 51)
became more acidic than the lighted sides. This change
occurred before curvature occurred and could be produced
also by the application of IAA or FC to one side of the seta.
This response suggests that IAA mediates phototropism in
Pellia epiphylla.

Figure 86. Effect of ethylene (C2H4 at 5 µl L-1) and IAA (10
µM) on growth of Pellia epiphylla setae. Vertical line indicates
standard error. Modified from Thomas et al. 1983.

Cromble and Paton (1958) found that there seems to be
an age effect on sporophyte maturation. They suggest that
a gradual change occurs during the winter months so that
setae are ready for rapid elongation in spring when the
temperature rises.
Schnepf et al. (1979) timed the growth of setae in
Pellia epiphylla (Figure 49-Figure 51). The intact plants
had a seta elongation rate of ~0.6 mm hˉ1. Excised setae
provided with 0.1 mM IAA exhibited a steady-state growth
rate of 0.7-1.2 mm h-1. A number of inhibitors altered the
elongation rate. They interpreted the greater rate of
elongation in excised sporophytes to indicate that this is not
a passive thinning of auxin-loosened walls, but instead is
dependent on maintenance of organized structure and
macromolecule synthesis.
Poli et al. (2003) found that the IAA seems to move by
simple diffusion in the liverworts, using Pellia epiphylla
(Figure 49-Figure 51) as one of the model organisms. This
contrasts with the bipolar transport that was operational in
Polytrichum ohioense (Figure 87). Thomas et al. (2002)
used radioactive labelling of IAA in Pellia epiphylla to
trace the upward gravitropic curvature of horizontal
sporophytes, showing response within 50-60 minutes.
They furthermore showed that applied IAA moved
preferentially to the lower side of the setae in horizontally
oriented sporophytes.
This mechanism provides a
gravitropism that works to make sporophytes upright.
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reported Trichoderma (Figure 89) as a parasite on the
species. Ridler (1922) noted that every plant he inspected
was infected with fungi. These appeared on both the
gametophyte and sporophyte and the fungus seemed closest
to a species of Phoma (Figure 90). Hadden (1921)
reported the very rare Elaeomyxa cerifera (Figure 91), a
slime mold, as occurring primarily on Pellia epiphylla (see
also Ing 1994). But the role of fungi in the life of this and
other liverworts have been largely ignored.

Figure 87. Polytrichum ohioense, trail through virgin
spruce, Picea rubra, Gaudineer Park, WV. Photo by Janice
Glime.

Farmer (1894b) found that the spores of Pellia
epiphylla (Figure 49-Figure 51) don't germinate until after
they leave the capsule, while noting that in some species of
liverworts they germinate within the capsule. The P.
epiphylla spores are "crowded" with starch grains. Willis
(1957) described spore formation in the species.
Wolfson (1928) found that sporelings of Pellia
epiphylla (Figure 49-Figure 51) have little capacity to resist
desiccation, and they cannot resist drying for even one
week. Wolfson describes early cell divisions in the
sporelings.
Bartholomew-Began (1996) found the spores in Pellia
epiphylla (Figure 49-Figure 51) to be endosporic (having 1
or more cell divisions within the spore wall; Figure 88) and
precocious (developing early, sometimes within capsule).
She describes the development of the protonema, noting
that at the 23-24-cell stage rhizoid initiation occurs.

Figure 89. Trichoderma harzianum, member of a fungal
genus that is parasitic on Pellia epiphylla. Photo from USDA,
through public domain.

Figure 88. Pellia epiphylla spore showing divisions within
the spore (endosporic). Photo by Ralf Wagner <www.dr-ralfwagner.de>, with permission.

Interactions with Fungi and Slime Molds
Fungi have been observed in Pellia epiphylla (Figure
49-Figure 51) for more than a century. Ellis (1897)

Figure 90. Phoma, a genus that might be one that infects
large numbers of Pellia epiphylla plants. Photo by Cesar
Felderon, through Creative Commons.
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Figure 91. Elaeomyxa cerifera, a slime mold that occurs
primarily on Pellia epiphylla. Photo by Sarah Lloyd, with
permission.

Magrou (1925) considered the relationship of fungi
with Pellia epiphylla (Figure 49-Figure 51) to be
commensal (describing relationship in which members of
one species gain benefits while those of other species are
neither benefitted nor harmed). Pressel et al. (2014) noted
the use of molecular data and TEM (Figure 92-Figure 93)
to understand the relationship between the two. Read et al.
(2000) reported that glomalean fungi could form typical
VA mycorrhizae in the flowering plant Plantago
lanceolata (Figure 94), but also can colonize Pellia
epiphylla, where they produced arbuscules and vesicles in
the thallus (Figure 92-Figure 93).
Figure 94. Plantago lanceolata, a species that has some of
the same glomalean fungi as those in Pellia epiphylla. Photo by
Forest and Kim Starr, through Creative Commons.

Biochemistry
Pihakaski (1972) reported that proteins appeared to be
present in the oil bodies (Figure 95) of Pellia epiphylla
(Figure 49-Figure 51).
Using electron microscope
techniques, he showed that these proteins occur in the
stroma, but not in the globules embedded in that stroma.
Instead, the globules are comprised of unsaturated neutral
lipids, forming the bulk of the total stainable lipids in the
cell. These occur entirely in the oil bodies in Pellia
epiphylla.
Figure 92. Pellia epiphylla cells with arbuscular fungi.
Photo from Pressel et al. 2014, with permission.

Figure 93. Pellia epiphylla with arbuscular fungi. Photo
from Pressel et al. 2014, with permission.

Figure 95. Pellia epiphylla lamina cells showing chloroplast
and few small oil bodies. Photo by Ralf Wagner <www.dr-ralfwagner.de>, with permission.
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Prus-Glowacki et al. (1998) found that two sibling
species could be identified within Pellia epiphylla (Figure
49-Figure 51) based on differences in activity of malate
dehydrogenase, esterase, and aspartate aminotransferase.
Ono et al. (1992) demonstrated the closeness of P.
epiphylla to P. neesiana (Figure 96-Figure 103) based on
the presence of the pungent diterpene dialdehyde,
sacculatal in both. Pacak et al. (1998) used RAPD to
support the distinction between the northern and southern
allopatric
(having
non-overlapping
distributions)
populations of Pellia epiphylla in Poland and that the
polyploid Pellia borealis is a hybrid of these two.
Cullmann et al. (1996) isolated a new macrocycle of
lignan, caffeic acid, and an aliphatic C8 moiety from Pellia
epiphylla (Figure 49-Figure 51). Cullmann et al. (1997)
identified phenolic constituents, naming pellepiphyllin, 7hydroxypellepiphyllin, perrottetin E, perrottetin E-11methyl
ether,
14′-hydroxyperrottetin
E,
10′hydroxyperrottetin E, 10′-hydroxyperrottetin E-11-methyl
ether, 10,10′-dihydroxyperrottetin E and 13′, 13‴-bis (10′hydroxyperrottetin E). Mukhia et al. (2015) confirmed the
presence of the phenolic compounds coumarin, alkaloid,
anthraglycoside, arbutin, phenol, and flavonoids and
demonstrated significant anti-diabetic activity. Phenolic
compounds often serve as herbivore deterrents, but to my
knowledge this has not been tested in Pellia epiphylla.
Cullmann and Becker (1998a) extracted eight
sesquiterpenoids from Pellia epiphylla, three of which
were new. Six diterpenes, several sterols, betulin, and δtocopherol were present. Pellialactone was present, and
loliolide was shown in a liverwort for the first time.
Rischmann et al. (1989) isolated a new naphthalene
derivative from the gametophyte of Pellia epiphylla and
defined its structure. Li et al. (2019) continued to isolate
sacculatanes, describing eight that were not previously
known from Pellia epiphylla. Two of the epiphyllins
exhibited antioxidant effects.
Cullmann and Becker (1998b) did an unusual study by
examining secondary compounds in the sporophytes and
spores of Pellia epiphylla (Figure 67-Figure 85). They
identified five africanane-type sesquiterpenes, episwartzianin
A,
9(15)-africanene,
isoafricanol,
leptographiol, and the new 10β-hydroxy isoafricanol, the
new
humulane
derivative
1,8-humuladien-5-ol,
caryophyllene oxide, phytol, and (1,2)-bis-nor-phytone.
They also found palmitic acid, linolic acid methyl ester, 7,
10, 13-hexadecatriene acid methyl ester, octadecanol and
three bisbibenzyls: perrottetin E, 10'-hydroxy perrottetin E,
10'-hydroxy perrottetin E-11-methyl ether, caffeic and
ferulic acid methyl esters, and four flavones: luteolin,
luteolin-7-methyl ether, luteolin-7,3'-dimethyl ether and the
new luteolin-5,7,3'-trimethyl ether. In addition, spores
contained isoafricanol and 1,8-humuladien-5-ol.
Pihakaski and Pihakaski (1980) demonstrated that in
Pellia epiphylla (Figure 49-Figure 51) the herbicide
glyphosate caused a rapid decrease in photosynthetic
activity and also in its ability to react quickly to changes in
light intensity. Nevertheless there appeared to be some sort
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of acclimation to the glyphosate. The net photosynthetic
inhibition was strong for the week following exposure, but
that reversed during the following weeks. After 4-5 weeks
following glyphosate treatment, net photosynthesis
increased again. On the day following treatment, a number
of cytological changes occurred, including structural
changes to the chloroplast surface, deterioration of oil
bodies, endoplasmic reticulum, and ribosomes, increase of
lipid spherules, and vacuolation of cytoplasm. After two
weeks the grana formation was deteriorated, the
plasmalemma was disconnected, and the length of
mitochondrial cristae had decreased.
Pellia neesiana (Figure 96-Figure 103)
Distribution
Pellia neesiana (Figure 96-Figure 103) is widely
distributed in the northern part of the Northern Hemisphere
(Schütz et al. 2016). It occurs in Europe, Asia, North
America, Greenland, and Iceland, particularly at higher
elevations.

Figure 96. Pellia neesiana in a tight, single-species colony.
Photo by C. and C. Johnson <www.ohbr.org.uk>, with
permission.

Figure 97. Pellia neesiana showing a typical yellow-green
thallus. Photo by David T. Holyoak, with permission.
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Figure 98. Pellia neesiana thallus. Photo by Des Callaghan,
with permission.

Figure 101. Pellia neesiana female with involucre. Photo
by Jan-Peter Frahm, with permission.

Figure 102. Pellia neesiana showing transparency of the
thallus. Photo by Ken McFarland and Paul Davison, with
permission.

Figure 99. Pellia neesiana with scattered antheridia. Photo
by J. C. Schou, with permission.

Figure 103. Pellia neesiana in a wet habitat. Photo by J. C.
Schou, with permission.

Figure 100. Pellia neesiana showing transparency of the
thallus. Photo by Ken McFarland and Paul Davison, with
permission.

Aquatic and Wet Habitats
Pellia neesiana (Figure 96-Figure 103) occurs on
grassy ground or on rocks by fast streams (Watson 1919).
In the Alps, it is not common, with Trichophorum
cespitosum (Figure 104) (Geissler & Selldorf 1986). It
occurs on soil in the flood valley of the Upper Bureya
River (Russian Far East) (Konstantinova et al. 2002). In
northeastern Finland it occurs in streams (Heino &
Virtanen 2006).
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Figure 104. Trichophorum cespitosum, a sedge species that
is sometimes accompanied by Pellia neesiana in the Alps. Photo
by Hermann Schachner, through Creative Commons.

Basile et al. (2017) considered Pellia neesiana (Figure
96-Figure 103) to be a species living submerged along the
rivers in cool and temperate areas of the northern
hemisphere. But based on the records I have found, Pellia
neesiana is less of a river species, and the records suggest
it might spend most of its life above water. Sharp (1944)
reported that it could attain local abundance on boulders in
a creek in Virginia, USA. Steere (1937) found it on a
rotten log in a small stream in Michigan, USA. But it is not
clear if these latter two finds were submersed.
Wet soil and habitats close to water are much more
common for Pellia neesiana (Figure 105) than submersed
habitats. Nichols (1922) reported that it was locally
abundant along muddy river shores in Michigan, USA.
Lepage (1953) reported a similar habitat in northern
Québec, Canada. Hong (2007) reported it from moist soil
near a stream in the Queen Charlotte Islands, British
Columbia, Canada. Across the ocean in the Western
Caucasus of Russia, Pellia neesiana occurs on dry river
beds, on bare soil among grasses in wet areas (Figure 106),
on rocks and soil on banks of streams in subalpine
meadows, and at edges of streams in forests (Konstantinova
et al. 2009). Dulin (2015) likewise found it on river banks
in the Komi Republic of Russia. Schütz et al. (2016)
included stream banks in their summary of its habitats.

Figure 106. Pellia neesiana habitat on bank.
Michael Lüth, with permission.
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It appears that the best place to search for Pellia
neesiana (Figure 96-Figure 103) might be on soil near
pools and lakes (Figure 107). Bartholomew-Began (1999)
found it on thin, fine soil over rocks at the edge of a pool in
the Hawk Mountain Sanctuary, Pennsylvania, USA. Dulin
(2015) reported it from the banks of lakes in the Komi
Republic of Russia. Schütz et al. (2016) reported that it
tolerates seasonal flooding, including along lake margins.

Figure 107. Pellia neesiana at the edge of water. Photo
from Botany Website, UBC, with permission.

Figure 105. Pellia neesiana at the edge of a stream. Photo
by C. and C. Johnson <www.ohbr.org.uk>, with permission.

Haynes (1909) identified Pellia neesiana (Figure 96Figure 103) from the side of a decaying log as well as on
wet ground. The species occurs on moist, sandy soil in
Kentucky, USA (Fulford 1934). Papp et al. (2013)
reported it from a wet meadow in western Croatia. Dulin
(2015) reported it from soil in hollows and on butts of trees
in a grass-Sphagnum (Figure 108) habitat as well as in
birch forests (Figure 109). Schütz et al. (2016) considered
it to prefer soils that were moderately acid to sub-neutral.
Schütz et al. (2016) included springs, marshes, ditches,
and damp tracks among the habitats of Pellia neesiana
(Figure 96-Figure 103). These are typically shaded, subneutral to moderately acid clayey to sandy loams with poor
nutrient content.
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So far I have found only one report of boggy habitats.
Konstantinova et al. (2009) report Pellia neesiana (Figure
96-Figure 103) on hillocks among Sphagnum and in grassSphagnum bogs (Figure 108). Dulin (2015) similarly
attributed it to grass-Sphagnum and herb-Sphagnum
habitats. He also reported it in waterside boggy grass
willow-birch communities.
Hugonnot (2011) described Pellia neesiana (Figure
96-Figure 103) fens (Figure 111) in the Massif of central
France. Lenz (2011) found it in a sloping shrub fen of
Bighorn National Forest in Wyoming, USA.

Figure 108. Grass-Sphagnum habitat where one might find
Pellia neesiana in soil hollows. Photo by Janice Glime.

Figure 109. Pellia neesiana large patch on forest floor.
Photo by Michael Lüth, with permission.

Wet cliffs (Figure 110) can at times be suitable for
colonization. Bakalin (2015) reported Pellia neesiana
(Figure 96-Figure 103) from moist crevices in cliffs, moist
to wet cliffs, and gravelly barrens in open places,
particularly in the alpine belt of the Tardoki-Yani Range in
Pacific Russia.

Figure 111. Fen habitat dominated by bryophytes. Photo
through Creative Commons.

Although late snowbeds (Figure 112) are neither
aquatic nor wetlands, they do provide an extended period
of available water as they melt. Pellia neesiana (Figure
96-Figure 103) can be dominant in such areas (Górski
2015).

Figure 112. Alpine snowbed that can provide water well into
summer, creating a habitat suitable for Pellia neesiana. Photo by
Alpandino, through Creative Commons.

Figure 110. Rock wall and waterfall on cliff that could be a
habitat for Pellia neesiana. Photo by Allen Norcross, with
permission.

Physiology
Like so many of the aquatic bryophytes, Pellia
neesiana (Figure 96-Figure 103) has been the subject of the
effects of pollution on bryophytes. Basile et al. (2017)
examined the liverwort to determine the effect
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contaminated water from the Sarno River in South Italy in
consideration of its potential as a biomonitor. They floated
the liverwort in the river in nylon bags for one week. They
observed severe alterations to the chloroplasts and modified
cell ultrastructure from samples exposed to the highest
levels of Cd and Pb both in the lab and in the river.
Interestingly, heat shock proteins (HSP70) increased as the
pollution gradient increased.
They attributed the
ultrastructural changes to those heat shock proteins, noting
that at the same time, histological changes were not evident
after a 7-day exposure in the river.
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the alpine belt of the Tardoki-Yani Range in Russia
(Bakalin 2015).

Adaptations
Pellia neesiana (Figure 96-Figure 103) has an
undifferentiated thallus (Figure 113-Figure 114) where
photosynthesis occurs. Thus, it lacks air chambers and
must exchange oxygen and CO2 through its non-porous
epidermis.

Figure 115. Pellia neesiana forming a nearly pure mat with
a few mosses. Photo by Bernd Haynold through Creative
Commons.

Figure 113. Pellia neesiana thallus cross section showing
lack of internal air chambers. Photo from Botany Website, UBC,
with permission.
Figure 116. Pellia neesiana showing dark-color form.
Photo by Hermann Schachner, through Creative Commons.

Figure 114. Pellia neesiana thallus cells, creating papillae
on the margin. Photo by Hugues Tinguy, with permission.

Pellia neesiana (Figure 96-Figure 103) occurs in pure
mats (Figure 115-Figure 116) or with Scapania
spitsbergensis (Figure 117), Schistochilopsis opacifolia
(Figure 118), Trilophozia quinquedentata (Figure 119) in

Figure 117. Scapania spitsbergensis with pink coloration,
species that occurs with Pellia neesiana in alpine belt of Russia.
Photo by S. S. Choi <portal.kgilc.ru>, with online permission.
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Figure 118. Schistochilopsis opacifolia, species that occurs
with Pellia neesiana in alpine belt of Russia. Photo by Hermann
Schachner, through Creative Commons.

Figure 120. Pellia neesiana antheridia. Photo by C. and C.
Johnson <www.ohbr.org.uk>, with permission.

Figure 121. Pellia neesiana with antheridia.
Michael Lüth, with permission.

Photo by

Figure 119. Trilophozia quinquedentata, species that occurs
with Pellia neesiana in alpine belt of Russia. Photo by Hermann
Schachner, through Creative Commons.

Pellia neesiana is typically yellowish green (Figure
120), but it often develops red to reddish-purplish
coloration (Figure 115) (Schütz et al. 2016). The color
change could be a response to light exposure, but it can
also be an indicator of other types of stress.
Reproduction
Pellia neesiana (Figure 96-Figure 103) is dioicous
(Schuster 1992). Antheridia occur in the mid region of the
thallus (Figure 120-Figure 125). Schütz et al. (2016)
reported that Pellia neesiana can produce up to 30
archegonia from the vertical flat receptacle and the bottom
of the gynoecium (Figure 126-Figure 127).

Figure 122. Pellia neesiana antheridia. Photo by Hugues
Tinguy, with permission.
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Figure 123. Pellia neesiana antheridia. Photo by Hugues
Tinguy, with permission.
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Figure 126. Pellia neesiana females, showing yellowish
green color and involucres. Photo by David T. Holyoak, with
permission.

Figure 124. Pellia neesiana with opened antheridia. Photo
courtesy of David H. Wagner.

Figure 127. Pellia neesiana with female involucre. Photo
by Jan-Peter Frahm, with permission.

Figure 125. Pellia neesiana antheridium. Photo by C. and
C. Johnson <www.ohbr.org.uk>, with permission.

Despite its dioicous condition, Pellia neesiana (Figure
96-Figure 103) has produced enough sporophytes (Figure
128-Figure 131) for two researchers to study the
germination and development of spores and sporelings.
Wolfson (1928) described the cell division as the spore
germinated and found that the sporelings have little
tolerance for desiccation. Bartholomew-Began (1996)
made further investigations into the divisions of the
protonema, comparing them with those of Pellia epiphylla
(Figure 49-Figure 51). Like P. epiphylla (Figure 49-Figure
50), Pellia neesiana is precocious and endosporic. Rhizoid
initiation occurs after the protonema reaches 23 or 24 cells.
The protonema develops into a thalloid form, but its pattern
of division in both species differs from that of
metzgerialian liverworts.
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Figure 130. Pellia neesiana with nearly mature capsules and
elongated setae. Photo by Dale Vitt, with permission.

Figure 128. Pellia neesiana with young sporophyte. Photo
from Botany Website, UBC, with permission.

Figure 131. Pellia neesiana dehisced capsule. Photo by C.
and C. Johnson <www.ohbr.org.uk>, with permission.

Role
Wilkinson et al. (2005) discovered that labelled
nitrogen decreased in Pellia neesiana (Figure 96-Figure
103) with distance from the salmon stream into the forest.
The researchers noted that bears catch fish, then transport
them to land to consume them (Figure 132). This activity
distributes the N from the salmon into the forest. Pellia
neesiana also was in far greater abundance below the falls,
and the researchers suggested that the liverwort was
exploiting nutrients available from salmon carcasses and
other wildlife activity.

Figure 129. Pellia neesiana with capsules and elongating
setae. Photo by Janice Glime.

Figure 132. Ursus americanus (black bear) carrying fish to
land. Photo by Aaron Huelsman, through Creative Commons.
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Pellia neesiana (Figure 96-Figure 103) has
experienced several studies on its faunal relationships.
However, Grimaldi (2018) reports that the leaf mining fly
Spania nigra (Figure 133-Figure 135) uses Pellia neesiana
as a home and food for its larvae and a place for pupation
(see also (Mik 1896; Nartshuk 1995).

Figure 133. Spania sp. eggs (arrows) on Pellia endiviifolia.
Photo by Yume Imada and Makoto Kato, with permission.
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Biochemistry
Pellia neesiana (Figure 96-Figure 103) has tiny oil
bodies (3.6-6.5 µm across; Figure 136), numbering from 8
up to 32 (Schuster 1992).

Figure 136. Pellia neesiana thallus cells. Chloroplasts
confined to margins of cell indicate presence of large vacuole.
Mostly colorless oil bodies are scattered. Photo by Hugues
Tinguy, with permission.

Ono et al. (1992) detected the pungent diterpene
dialdehyde, sacculatal in Pellia neesiana (Figure 96-Figure
103), suggesting its close relationship to P. endiviifolia
(Figure 19-Figure 20).

Summary

Figure 134. Spania sp. first instar larva mining Pellia
endiviifolia. Photo by Yume Imada and Makoto Kato, with
permission.

These members of the Pelliales are at best
facultatively aquatic. On the other hand, they like moist
habitats and Pellia in particular can be found on stream
banks, especially under overhanging grasses where it is
moist and shaded. Others tolerate temporary ponds
where they are submerged part of the year and out of
water part of the year. Pellia epiphylla had both slime
molds and fungi that find it a suitable place to live,
whereas Pellia neesiana provides a home for the leafmining fly Spania.
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